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ta i  lamlatlag  limit  to  bn  won  la  conjunction  with  the  Mercury- 
type  Savy  Murk  XT  Tall  Treasure  Suit  mi  required  tor  um  by  Rry 
Ballooaliti  for  a  flight  to  a  projected  altitude  of  120,000  toot. 

4a  laowlotloa  garaaat  wee  deal  goad  utilising  a  vacuum  deposited 
alaadaun  tar  lafrared  reflective  Insulation  ay  a  tom  of  fabrics.  The 
insulation  coos la ted  of  a  four  layer  sandwich  structure  lataodad  to 
reflect  the  lateaae  aolar  heat  and  alao  reduce  beat  loss  by  con¬ 
duction,  courvuctioo,  and  radiation  thereby  taadlag  to  isolate  the 
balloonist  from  the  thermal  eawirnimMet.  The  Oemeat  am  designed 
to  provide  low  weight  insulation,  good  nobility  aad  ansa  wf  naval  In 
case  of  an  emergency.  The  suite  were  worn  during  the  SIUIO-UI  Ugh 
#  5  flight  aad  contributed  to  the  success  ful  accompli  a  Wat  of  the 


mission. 


urraDODCTiO!* . 

TSZOKrriCAL  CORSIECJUTICKS 

KAIEUALS  . 

THZJWAL  STKESS . 

CLOTHISC  EJ*StK3LZ . 

STEAIO-LAB  HIGH  #  5  . . 

DISCUSSION . . . 

CONCLUSIONS  AND  kzoomckm: 
BIBLIOGRAPHY . . 


acoouledgmexts 


Development  work  1*  rarely  the  result  of  Individual  effort,  end 
the  development  of  the  insulated  garment  utilized  in  ST3ATO-LAA  Ugh 
#  5  was  no  exception.  Expressions  of  gratitude  are  therefor*  offered 
to  the  following  persons  into  participated  in  bringing  this  work  to 
fruition: 

To  Mias  Alice  Stoll,  Aviation  Medical  Acceleration  Laboratory  for 
her  counsel  and  aid  in  obtaining  the  use  6~  high  altitude  chamber*  for 
fabric  insulation  studies. 

To  Messrs.  Med  Davis  sod  John  Cuitin,  Minnesota  Mining  and 
Manufacturing  Company  for  their  splendid  cooperation  in  suitability 
testing  of  various  samples,  and  for  metallizing  the  fabric  used  In  the 
insulating  garment  on  short  notice. 

Last,  but  it  should  not  be  inferred  as  least,  to  George  Higg lnbottom 
of  this  laboratory  for  his  untiring  efforts  and  for  never  permitting  the 
abstract  to  obscure  bis  concern  for  the  balloonists'  personal  safety. 


TBT2MAL  P80X£CnVE  CLOTHIRC  FOB.  5TXAX0-ULB  HIGH  #  5, 

DXDei  XdSi  RO.  RT-FD 15-14-002. 02  (3) 

irrsoccczicv 

The  Sue*a  of  Scppliei  and  toccaat*  mi  Infoned  oa  15  lovcsbct  1940 
chat  *  high  altitude  balloon  flight  vu  be  lag  planned  for  the  Spring  of 
1941.  This  flight  wu  to  carry  CDS.  KalcoLs  D.  Roes  and  LCDS.  Victor  Jl. 
frether,  Jr.  to  an  altitude  of  120,000  feet.  This  Facility  wu  instruc¬ 
ted  by  BT.SJUCb  letter  tfll  of  23  Kovembar  1960,  to  stake  a  study  of  the 
therral  stress  which  could  be  expected  and  to  design  and  construct  in¬ 
sulating  game  ora  prior  to  1  March  1941.  . 

The  flight  was  ta  be  a  part  of  the  Office  of  Ravel  Research's 
Strato-lao  Frograau  This  prograu  was  initiated  by  ON*  for  the  purpose 
of  developing  weaned  and  laetruwented  balloon  flights  as  a  reliable, 
relatively  staple,  and  inexpensive  aecbod  of  raising  i ns tn wants  and 
a  scientific  observer  to  great  altitudes  above  tbs  earth  for  periods  of 
frou  one  to  escy  hours.  Tbs  prograu  has  yielded  each  data,  not  only  la 
the  field  of  geophysics,  but  also  concerning  tbs  high  altitude  nrrlrna 
went  and  its  physiological  « fleets  oo  aaa  operating  la  such  an  euvirow- 

®Wts 

la  coutliasatlra  of  this  prograa.  STUID-UB  High  #  5  waa  coucelvad 
aa  aa  experlaent  rlth  a  “priaery  objective  of  piecing  two  nca  la  * 
near -spoca  saviraaeaC  while  uecrlag  the  Mercury -typo  Ravy  hath  IV  fall 
pressure  suit.  Under  these  coodltJoas,  a  rigorous  test  asd  evaleetloa 
of  the  suit  and  associated  protective  clothiag  can  be  aada”  <1>.  Several 
other  experisusta  were  also  scheduled  to  be  aade  dir  lag  the  course  of  the 
flight- 


The  Mercury-type  Navy  Mark  IV  full  pressure  suit,  similar  to  the 
one  shewn  la  Figure  1,  was  designed  to  provide  a  habitable  atmosphere 
at  a  pressure  of  approximately  5  pal  surrounding  the  wearer  whan  ax* 
posed  to  the  near  vacuum  of  a  vary  high  altitude  flight  (2),  (3),  (4). 

The  suit  permits  adequate  mobility  for  its  occupant  to  perform  func¬ 
tional  flight  tasks  even  whan  pressurised. 

The  need  for  an  insulating  overgarment  steamed  from  the  fact  that 
the  full  pressure  suit  was  not  designed  to  provide  the  high  Insulation 
necessary  to  protect  against  extreme  cold  for  extended  periode  of  time. 

In  the  proposed  flight  the  balloonists  would  be  subjected  to  temperatures 
ranging  from  -20°  to  -70°C  for  a  period  of  approximately  five  houra. 

During  that  t lme  they  would  be  restricted  to  a  low  activity  level,  thus 
requiring  greater  insulation  than  provided  by  the  full  preaeura  euit 
alone. 

Special  elumlnised  reflective  insulating  clothing  had  previously 
been  developed  by  this  laboratory  for  a  Strato-lab  flight  in  1939. 

CD*  toss  was  the  pilot  of  the  1939  flight  end  at  that  time  reported  that 
the  Insulated  clothing  provided  satisfactory  thermal  protect  lorn.  During 
that  flight  the  only  defect  noted  was  that  the  neopreaa  compound  used  to 
coat  the  fabric  bee earn  perceptibly  stlffer  at  the  cold  ambient  temperature 
encountered  at  the  maximum  altitude  of  40,000  feet.  While  the  etlffnees 
did  not  prevent  necessary  movements  •  r  restrict  activity,  it  was  noticeable 
and  it  did  present  e  somewhat  annoying  situation,  Co as Ida ring  the  success 
of  this  saperlence,  end  tines  no  other  clothing  materials  with  a  higher 
n» jlat lon-to-welght  ratio  were  available.  It  wee  decided  to  proceed  alon* 

•  Mar  line  for  this  flight.  The  only  significant  departure,  oth«r  * 

■  iiH.arlun*  coni  1  tiered ,  was  the  use  of  e  *pr  r  l  m  •  nt  a 


rubber  coated  fabrics  which  wars  knows  to  have  superior  lc-w  teaq>er- 
aturs  flexibility  characteristic*. 

.  This  report  w*ll  discuss  the  physical  eurrou -.ding*  and  toermsl 
environment  the  balloonists  ware  sup-cted  to  esco  nter  at  their  maxi¬ 
mum  altitude,  the  inaulatioo  system  used  in  a  ptO'.CLtive  garment  da- 
signed  to  be  worn  over  the  Mercury-type  Mark  IV  full  pressure  suit, 
and  the  calculations  used  to  estlaate  the  thermal  stress.  Th*  last 
section  of  the  report  will  present  the  thermal  data  obtained  during  the 
flight. 

TKtOUrTlCAL  CONS  IDS RATIONS 

Physical  Surroundlnae :  Early  plana  callsd  for  the  flight  to  he  mad* 

In  eu  open  gondole  consisting  of  a  platform  surrounded  by  e  3- foot  high 
railing.  The  aides,  floor  to  railing,  were  to  be  covered  with  e  fabric 
or  soma  similar  opaque  material.  The  upper  portion  of  the  flight  vehicle 
wee  ro  be  open  except  for  the  structural  members  required  for  attaching 
the  ■ttioude  end  the  emergency  parachute.  An  Instrument  end  flight  con¬ 
trol  console  approximate ly  1-foot  wide  was  to  bleact  the  platform  running 
from  one  end  to  the  other  eloeg  the  centerline.  Seat*  for  the  pilot  end 
observer  were  to  ho  located  one  on  each  side  of  the  console. 

Thermal  Environment:  Since  the  upper  portion  of  the  flight  vehicle  waa 
to  be  open,  direct  eoler  radiation  would  be  an  Important  source  of  thermal 
energy  while  exposure  to  the  cold  black  body  sky  would  simultaneously  re¬ 
sult  In  e  lose  of  thermal  energy  from  the  surface  of  the  clothing  to  the 
sky  oy  radiation.  A  schematic  drawing  of  this  theimtl  environment  le 
shown  In  Figure  2. 


\  - 
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Figure  2.  Schematic  diagram  cf  thermal  covironnent. 

There*  Gala:  Thermal  energy  which  would  tend  to  produce  sn  increase 
in  the  body  .fe.eratur*  of  the  bslloooliU  could  be  expected  from  three 
sources: 

1.  'at  aboil  am 

2.  Solar  energy  received 

3.  Albedo 

1.  MttabclUa:  Due  to  the  fact  that  the  pilot  and  observer  would 
be  confined  to  a  relatively  small  space,  with  all  controls  within  arms 

I 

length,  end  further  restricted  from  high  activity  by  the  telemetering 
electrical  leads  which  would  connect  them  to  the  gondola,  it  was  con¬ 
cluded  that  the  body  heat  generation  would  be  at  the  basal  level  of  23.3 


RELATIVE  INTENSITY  Of  ENERGY*  °< 


calories  per  sec  cod .  Oi  tin*  amrautc  it  was  estimated  that  21  calories 
would  t '  dissipated  through  the  clothing  while  2.5  calories  would  rep- 
resetr  the  respiratory  loss. 


2.  Solar  Energy  Received:  A  typical  curve  representing  the 
spectral  distribution  of  solar  energy  is  shown  ij  Figure  3  £5},  (&)• 
The  was ;  wn-a  intensity  of  solar  radiation  would  occur  at  "Jbe  flight 
zenith  and  was  expected  to  be  close  to  the  solar  constant  of  1.97 
eal/aio/ cn^.  This  value  was  accepted  although  other  values  frcwi  1.89 
' °  2.05  are  reported  in  the  Handbook  of  Geophysics  (7). 


TYPICAL  CURVES  FOR  SPECTRAL  OISTRlBUTlOk 

OF  SOLAR  ENERGY, 


Figure  3 

-  5  - 


3.  Albedo:  As  the  configuration  of  tha  flight  vehicle  was  auch 
that  the  occupant a  would  be  ahieldad  from  "seeing"  the  earth's  surface 
and. Most  of  the  cloud  cover,  tha  affact  of  albedo  as  an  additional 
heat  source  for  tha  balloonists  was  not  considered  significant,  and 
therefore  this  factor  will  not  appear  in  subsequent  calculations. 

Thermal  Loss:  The  loss  of  thermal  energy  was  considered  between  the 
surface  of  the  clothing  and: 

1.  Ambient  atmosphere  (conduction-convection) 

2.  Radiant  loss  to  tha  sky 

j.  Radiant  loss  to  the  flight  vehicle 

1.  Ambient  Atmosphere:  The  aad>lent  temperatures  at  various 
altitudes  and  latitudes  were  avallabln  from  several  different  sources 
aud  all  showed  fairly  good  agreesnnt  at  the  higher  altitudes.  Tha 
values  for  the  ambisnt  temperature  were  obtained  froai  tha  Handbook  of 
Geophysics  (8),  and  are  reprasented  in  Figure  4.  The  convective  loss 
of  heat  at  120,000  feet,  although  in  a  rarifled  atmosphere,  was 
expected  to  be  close  to  the  convective  loss  at  sea  level  since  tha  thermal 
conductivity  does  not  change  appreciably  until  auch  lower  pressures  are 
encountered. 

2.  Radiant  Loss  to  Sky:  For  the  purpose  of  this  report  the  radiant 
sky  temperature  is  taken  as  tha  equivalent  "black  body"  temperature  of 
the  sky  snd  the  .slue  is  used  in  deterstinlng  the  Al  used  in  calculating 
the  loss  of  thermal  energy  from  tha  outer  exposed  surface  of  the  balloonist 
clothing  o  the  sky.  Dr.  Hamel,  of  the  University  of  Pennsylvenla.had 
made  some  radiant  sky  temperature  observations  from  an  aircraft  flying  at 

in  altitude  of  approximately  35,000  feet,  tils  data,  obtained  In  January  ,  :< 


3.  Aadiatic  Lass  to  flight  Vehicle:  “he  taaia  body  of  cha  flight 

'vehicle  ku  to  be  constructed  of  aluminum  mod  left  uopainted.  Since  the 
spectral  cmisilTlty  mod  reflectance  chmrmcterimtlcm  of  Che  vehicle  would 
be  similar  to  the  reflectance  characteristics  of  the  alued nixed  clothing 
it  was  concluded  that  the  temperature  of  clothing  and  vehicle  would  be 
elaoac  equal  mad  therefore  no  radlaut  exchange  of  energy  would  occur. 

MATERIALS 

Insulation  Assembly:  In  addition  to  the  Full  Pressure  Suit,  described  by 
previous  references,  the  balloonists  were  to  wear  aa  overgarment  for 
additional  insulation.  A  cross-sectional  view  of  the  clothing  insulation 
assembly  is  shown  In  Figure  3.  This  assembly  consisted  of  four  layer* 


To 

Ambient  Sky 


Pressure  Suit 

egegls  cored  D.  S.  trade  nark,  0.  S.  Rubber  Company. 


Croes -Sectional  View  of  Insulation  Assembly 


Figure  5 


which,  when  viewed  from  the  inside  to  the  outside,  conUlned  the 
following: 

First  layer:  Metallized  fabric,  metal  side  facing  the  Trilok 

Secwd  layer:  Trilok  spacer  i 

Third  leyer:  Metallized  fabric j  metal  side  furl ng  the  Trilok 

Fourth  layer:  Metallized  fabric,  metal  side  facing  ambient 
atmosphere 

This  arrangement  of  fabrics  and  spacers  was  designed  to  provide  a  high 
insulation,  low-weight  system  which  would  thermally  Isolate  the  wearer 
from  solar  beat  gain  and  radiant  sky  heat  loss. 

The  two  layers  of  metallized  silicone  coated  nylon  with  the 
■etalllzed  Mde*  facing  each  other  across  the  Trilok  spacer  provided 
a  good  low  weight  insulator.  This  arrangement  formed  a  confined  air 
space  between  the  coated  fabrics  which  retarded  beat  transfer  by  con¬ 
duction-convection.  The  two  separated  metallized  surfaces  facing  each 
other  also  provided  low  emlsslvlty  surfaces  which  greatly  reduced  the 
heat  loss  by  radiation  across  the  intervening  air  space.  This  com¬ 
bination  was  tested  for  thermal  conductance  in  a  high  altitude  chamber 
by  the  same  method  discussed  In  reference  (10),  and  was  found  to  have  a 
thermal  conductance  of  .5)  a  10'*  cal/cm^/°C/sec  at  75,000  feet  simu¬ 
lated  altitude. 

The  outer  metallized  silicone  coated  nylon  fabric  of  the  garment 
was  used  with  the  aluminized  surface  facing  the  ambient  atmosphere 
primarily  to  reduce  the  beat  loss  to  the  cold  black  body  sky,  and 
secondly  to  reduce  the  amount  of  solar  heat  absorbed  by  the  clothing 
assembly.  A  white  fabric  would  have  served  quite. adequately  In  the 


aeco~A>ry  cole  since  ie^erel  vr.  ice  zaj tries  hive  a  Lecte  '  chan  7 OX 
reflectance  fer  solar  radiation  (11);  however,  it  wold  not  have 
accomplished  the  primary  purpose.  fabrics  have  a  high  emfssi- 

vity  in  the  far  lnfraned  region  of  the  spectra*  e=d  therefore  would 
have  been  good  radiators  of  heat  to  the  sky,  rhos  permitting  a 
greater  less  of.  beat  by  radiation. 

Fabric:  The  fabric  utilised  in  the  assembly  was  a  2 -coace  nylon 
taffeta  concerning  to  Type  1  of  JGX-C- 19699 (SSJL)  with  a  low  temperature 
silicone  rubber  coating  on  one  side.  The  silicone  coating  was  formu¬ 
lated  to  have  a  told  crack  of  below  -1A0°F  and  shoved  only  very  slight 
stiffening  at  -100°F.  Metallising  with  a  thin  metal  file  of  aluminum 
by  vacuum  deposition  to  the  silicone  coating  was  attempted  but  ade¬ 
quate  adhesion  of  netal  to  coating  could  act  be  achieved.  The  fabric 
was  subsequently  metallised  on  the  tor oared  side. 

Spectral  Reflectance  of  Metallised  Fabric:  The  reflectance  character¬ 
istics  of  tbe  ae tainted,  silicone  rubber  coated  nylon,  metallised  side 
exposed,  is  shown  in  Figure  4-  This  carve  vm  obtained  on  a  InVvin 
K-2  spec  Crop  ho  tone  ter. 

These  data  were  adequate  for  the  visible  and  near  infrared; 
however,  in  order  to  calculate  the  radiant  loss  to  the  sky  the  emlssi- 
vity  in  the  longer  wave  lengths  man  needed. 

At  1GC°F  the  energy  curve  would  peak  at  9.3  microns  end  nt  0°F 
Che  peek  would  be  at  10.4  microns.  The  enlssivlcy  at  each  of  the  tem¬ 
peratures  are  very  close.  Therefore,  for  cenvcsieace,  the  total  normal 
emissivity  was  determined  using  the  Stoll-Herdy  radiometer  with  the 
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Figure  6 

Metal  sorfocc  tapcritan  at  100°F.  fi»  oduivlCF  ms  f««~i  to  bo 
0.18  to  0.20.  sad  the  Latter  figure  was  selected  for  mmm  as  a  cm* 
Mmtlvc  eelae  la  the  subsequent  calculation. 

Clothlag  Surface  Area;  Tbe  total  area  for  a  an  clothed  La  a  cold 
weather  oatflt  la  2.6%  square  Meters  according  to  Vfiaalow  r~* 
Herrington  (12).  The  exposed  axes  would  therefore  be  26,400  square 
centlaeters  which,  far  this  a  tody,  vas  considered  t  •  W  the 
exposed  surface  area  of  the  farent.  fiowewer.  si  ace  the  gondola  chair 
wnld  be  la  direct  contact  with  the  clothing.  It  was  -rat lasted  that 
3.700  square  cast  lee  ter*  of  the  cloth  lag  surface  area  would  not  be 
exposed  to  either  adltat  air  tenperature.,  cold  sky.  or  direct  solar 


radiation. 


To  determine  the  clothed  area  of  a  man  la  a  sitting  position 
exposed  to  the  sen,  shadow  area  measurements  were  taken  an  a  plane 
normal  to  direction  of  light  from  an  overhead  light  source.  The 
light  was  positioned  directly  overhead  and  then  rotated  so  that  it 
formed  angles  of  20°,  37°,  and  45°  to  the  vertical.  It  was  found 
that  a  marl wra  of  25-301  of  the  total  surface  area  vaa  exposed  at 
37°  while  approximately  181  was  exposed  when  the  light  was  directly 
overhead.  At  angles  greater  than  37°,  the  area  exposed  decreased. 

Since  the  flight  was  to  be  launched  in  the  morning  during  the 
spring  of  the  year,  the  sun  would  not  be  directly  overload  at  any 
tine,  and  therefore  it  was  estimated  that  a  301  value  for  the  ex¬ 
posed  area  would  be  moat  probable. 

THERMAL  STRESS 

The  method  meed  in  determining  thermal  stress  was  not  a 
generally  accepted  method.  It  was  used  in  this  application,  however, 
for  the  following  reasons: 

(a)  The  set  aboil  an  at  slightly  above  the  basal  rate  could 
be  considered  constant  since  there  would  not  be  sufficient  space  la 
the  flight  vehicle  to  permit  an  activity  lcel  to  produce  a  higher 
metabolic  rate. 

(b)  The  literature  contained  no  discussions  of  therms!  stress 
in  similar  environmental  situations.  There  have  been  no  previous  flights 
to  tbs  projected  altitude  under  comparable  conditions.  Flights 

were  close  to  the  100,000  foot  altitudes  utilized  an  entirely  different 
type  of  flight  vehicle  which  markedly  altered  the  affects  of  Hw  the  reel 
environment 

(c)  While  the  solar  constant  ami  ambles*  temperatures  warm  wall 
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defined,  radiant  loss  to  the  sky  end.  coavect ive  losses  to  toe  ambient 
ataospaere  for  the  cceplicated  end  irregular  surface  of  a  clothed 
human  being  were  not  described  in  the  literature,  and  so f f.icfent  time 
was  not  available  to  perform  the  experiments  which  would  develop  this 


(d)  So  test  chambers  were  available  which  were  capable  of 
simulating  the  tberao-dysaaic  conditions  to  be  encountered  in  this 
flight,  or  which  would  subject  a  clothed  man  to  the  a sfqun  corabination 
of  stress  factors  anticipated. 

Thermal  Stress  Calculations 

Thermal  equilibrium  1s  achieved  when: 

Q  setabolis-m  -  Q  ambient  +Q  seat  +Q  radiant  sky  ~Q  solar 

Metabolism  is  taken  at  the  basal  rate  of  21  calcrles/secood, 
respiration  loss  of  2.5  calorie s/secood  has  already  been  sub¬ 
tracted  from  this  figure. 

Symbols: 

Q  -  Heat  gain  or  loss  -  calories/serood 
Ti  -  Skin  temperature  30°C  q 
72  -  Ambient  temperature  —AO  C 

Tj  -  Suit  surface  temperature  °K 
T4  -  Radiant  sky  temperature  L73°I 

a  -  Absorptivity 

c  -  Ealssivicy  cf  fabric  surface 

Al  -  Total  surface  area  cf  clothing,  car 

32  -  Area  of  clothing  in  contact  with  seat,  cm^ 

Ci  -  Conductance  of  pressure  salt,  c*l/cm^/°C/ second 
C2  -  Conductance  of  reflective  assembly,  ca 1 / cm7 /°C/ second 
C3  -  Conductance  of  chair  cushion 

C4  -  Conductance  through  pressure  suit,  insulation  assembly,  and  chair 
C5  -  Conductance  through  pressure  suit  and  insulation  assembly 
T  -  Stefac-Bolttmann  Constant,  1.354  X  10“^ 

1C  -  Geometric  factor  adjusts  for  b  Jy  area  which  does  "see"*  sky 
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Saabient  •  (A],  -  A2)  X  C5  X  (II  -  Ij) 

^eat  -  A2  X  C4  X  <7l  -  X2> 

^soler  ■  Solar  Con stage  X  (a)  X  Area  exposed  to  sea 

"'60 

^radiant  »ky  -  .5  X  X  X  CAj  -  Aj)  X  e  X/)X  (T^  -  T^) 

(This  equation  Is  for  radiant  loss  fro*  a  convex  body  to 
all  aerroendirgs  when  the  body  Is  small  In  size  relative  to 
Che  enclosure-  The  factor  of  0.5  above  is  included  since 
in  Che  balloon  situation  the  radiant  loss  is  to  the 
hemisphere  say.  Say  easissivicy  is  taken  as  1.0.) 


Conductance  Values. 


Pressure  salt  .000066 

C2  leflective  insulation  system  .000057 
C3  Chair  sent  cash 1 oa  .000020 


.COCOJ7  .0X066  .  000020 


.000057  .000066 


.0000121  cal/oe2/°C/sec 
.0000306  cal/cm^/^C/sec 


The  solution  for  Tj  Is: 

Q  metabolism  -  q  mebifnc  ♦  Q  sent  -6  Q  radiant  sky  -Q  solar 

Q— b.  -  (Ai  -  A2)  X  C5  X  ai  -  T2) 

-  22700  X  .0000X6  X  70 

-  48.6  csl/cm^/sme 

^sest  -  A2  X  C4  X  (Ti  -  Tj) 

•  3700  X  .0000137  X  70 

-  3.13 

Qsoler  ■  solar  cocsra.-rr  X  absorptivity  X  Ares  exposed 
60 

-  1.97/60  X  .2  X  .3  X  22700 

-  44.7 

Qrad.  sky  -  .5  X  X  X(Aj  -  A2)  X  e  X^X  (T3  *  TjJ 

-  .5  X  .7  X  22700  X  .2  X  1.354  X  10‘12  X  (tj  -  1734) 


Solving  for  tbs  surface  taaeperature  of  the  g 
T3  equals  20 °C. 
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at,  it  was  found 


This  vi>3rjid  exii:  it  et^uLLLr~iu3i  could  he  attaiasd, 

howew,  in  practice,  this  Is  rarely  if  «tr  achieved.  ?ut  expert- 
ere*  la  thi*  laboratory  with  similar  Insulating  a* scab Li- a  Indicated 
that  with  an  outer  clothing  surface  taceramre  of  20°C  the  heat  lose 
froe  the  body  would  actually  be  less  than  the  Metabolic  rate  and 
therefore  a  slew  build-up  of  body  heating  could  be  expected.  The 
r*te  of  the  build-up  was  expected  to  be  lew  ip  comparison  with  the 
body’s  ability  to  act  as  a  heat  sink  and  therefore  it  was  considered 
that  it  would  not  cause  an  appreciable  rise  in  the  deep  body  reapers ture 
idging  froa  the  results  of  this  solar  foo  it  appeared  that  the  in¬ 
sulating  garment  in  combination  with  the  fall  pressure  suit  would  pro- 
wide  adequate  protection. 

The  most  significant  fact  gleaned  from  the  calculations  was  that 
the  body  metabolism  was  small  compared  to  the  thermal  forces  against 
which  it  aust  be  protected.  The  metabolic  xate  was  estimated  at  21 
eal/sec,  while  the  calculations  indicated  beat  loss  by  conductlwity- 
cotnrectlon  to  be  AS  cal /sec  and  heat  gala  from  solar  radiation  AS 
eal/sec-  Since  these  forces  are  large  In  relation  to  the  metabolism, 
the  thermal  equilibria*  equation  Is  eery  delicately  balanced  and  a 
change  in  the  conditions  established  could  «-s.n  M  beat  gain  or  loes 
which  would  be  physiologically  Intolerable  over  the  Int/  ided  period  of 
the  proposed  flight. 

Considering  this  situation,  and  In  the  Interest  of  personal  safety 
for  the  balloonists,  it  vaa  Judged  that  additional  measures  should  be 
taken  which  would  permit  some  degree  of  csatrol  over  the  thermal  enei- 
roamesC .  Cl  Kona  had  prerloj* It  discussed  the  possibility  of  locating 
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attenuating  leavers  on  the  cop  sad  sides  of  the  flight  -vehicle,  these 
louvers  would  be  blackened  on  one  side,  reflective  oa  the  other,  end 
controlled  in  such  s  saaer  that  either  side  coaid  face  the  sky.  this 
plan  was  endorsed. 

Since  one  portion  of  the  body  would  be  subject  to  a  high  heat 
gain  while  another  area  would  lose  heat  rapidly,  and  wbeu  considering 
that  neither  the  htxaan  body  nor  the  clothing  sssesbly  are  good  con¬ 
ductors  of  beat,  it  was  obvious  that  a  situation  could  arise  where  one 
portion  could  become  overheated  while  another  portion  would  become 
severely  skilled.  To  overcome  this  situation,  it  was  recomiended  that 
the  vehicle  be  rotated  in  flight  so  as  to  evenly  distribute  beat  gain 
and  loss  over  a  greater  area  of  the  body. 

CL0TEXNG  OESEX5LE 

The  reflective  insulated  clothing  outfit  designed  consisted  of  a 
coverall,  hood,  boot  covers,  and  a  hand  nuff  which  were  all  sixed  to 
he  worn  over  the  high  altitude  full  pressure  suit  and  its  accessories. 
The  item  were  fabricated  in  the  layer  arrangement  of  alia <  nixed  imper¬ 
meable  fabrics,  end  Tri Zak  spacer  material  as  shown  in  Figure  5.  The 
total  thickness  of  the  assembly  was  approximately  1/2  inch. 

The  coverall  was  made  rith  four  nylon  tape  fasteners,  two  extend¬ 
ing  the  lull  length  of  the  gar  cent  free  shoulder  to  leg  bo c toes,  and  1 
oa  each  arm  free  shoulder  to  sleeve  bottom,  •  This  arrangement  permitted 
rapid  end  unassisted  removal  of  the  garment  if  this  became  necessary 
during  the  flight.  The  hoot  covers  were  sixed  to  he  worn  over  shoes  or 
insulated  boots,  using  a  slip-on  style  about  12  high  and  having 

a  hack  slida  fastener  opening.  The  perimeter  of  the  toed  face  openly 

0 

«u  designed  ta  be  compatible  wick  the  riser  of  the  pressure  salt  helmet. 

-  U  - 


Figure  8  .  .  . 

Sevtag  the  Trilok  spacer 
Material  to  the  altam- 
*\i zjt<*  fabric.  Sort  tike 
use  c£  gloves  to  jrews; 
soiling  and  contami¬ 
nation  of  tha  ne t a  1 1 1  red 
surface  frcxa  skin  oils 
and  perspiration. 
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The  head  uxf  was  constructed  with  alusinired  fabric  ea  only  css*  half 
of  the  surface  area,  while  tha  fttber  half  was  made  from  a  dark  blue /black 
colored  woolen  fabric.  This  design  was  at  ill  zed  in  order  that  the  muff 
could  be  rotated  depending  on  how  cold  or  wan  tie  balloonists  hands 
were.  Vhen  vara  the  aluainix«d  surface  would  be  exposed  to  the  sun's 
rays  to  reflect  the  heat.  Vhen  cold  the  black  surface  would  face  the 
sun  to  absorb  beat. 

STHATO-H3  HIGH  #  5 

Deoart-rres  Froa  Original  Plan:  In  consideration  of  the  thermal  problem 
connected  with  this  flight,  it  was  decided  that  the  flight  vehicle  would 
be  fitted  out  with  attenuating  louvers.  These  louvers  were  slightly 
Modified  Venetian  hliods  with  the  slats  t  ■  wkeaed  on  one  side  and 
covered  with  aluminized  Mylar  on  the  other  side.  The  blinds  were 
arranged  and  powered  so  that  either  side  of  the  slats  could  be  turned 
outward.  The  blinds  oa  the  front  of  the  gondola  coaid  also  be  raised  or 
lowered. 

During  simulated  high  altitude  runs  in  a  low  pressure  chamber  with 
the  balloonist  fully  clothed,  it  was  found  that  both  CS  Koas  and 
LCDS  Prather  experienced  a  severe  reduction  of  nobility  of  the  lower 
arms  doe  to  a  constriction  of  the  overgarment  at  the  elbow  when  the 
Mark.  17  suit  became  fully  pressurized.  Therefore,  both  sleeves  of  each 
Insulating  garment  were  removed  just  above  the  elbow. 

late  In  the  developmental  program,  it  was  decided  to  provide 
electrically  heated  gloves  and  socks  as  stand-by  for  emergency  hand  and 
foot  protection.  These  Items  were  mcsfactured  with  heating  elements 
knitted  together  with  polyester  yarns  to  form  the  glove  and  sock.  The 
gloves  were. rated  st  IS  watts  and  the  socks  at  21  watts.  They  were 
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cuassecced  thtough  i  c-satroi  rheostat-  The  capability  of  providing 
varying  aaomu  of  heat  to  the  hands  and  the  feet  vas  thos  available 
to  each  balloonist  at  his  discretion.  However,  from  a  philosophical 
point  of  view  and  in  view  of  the  test  objective,  it  was  not  planned 
to  use  the  heat  unless  absolutely  necessary. 

Plight:  The  flight  took  place  on  4  May  1961  froe  the  flight  deck  of 
the  OSS  AXriTTAM  in  the  Gulf  of  Mexico.  The  balloon  had  a  total  dis¬ 
placement  of  10,000,000  cubic  feet  at  celling  altitude,  was  inflated 
with  helium,  and  lifted  approximately  one  tea  to  an  altitude  slightly 
above  113,700  feet  (13),  (14). 
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Part  of  the  physiological  data  obtained  consisted  of  skin  surface  s, 


temperatures  of  each  of  the  balloonists.  These  data,  together  with  the 
altitude  and  molest  temperatures  experienced  are  shown  in  Figures  11 
and  12. 


Abbreviated  Lot  of  Voice  Tr^nsmisslonm 

Several  tape  recordings  of  the  voice  cob  .-aaicatioos  were  mad* 
during  the  flight.  LCDR  Donald  Smith,  Kt-TI-RAH  Be  the  s  da  prepared 
a  c Deplete  log  from  these  tapes.  The  com mmicatioos  were  garbled 
and  interrupted  on  several  occasions,  therefore.  In  accomplishing 
the  transcription,  LC.D4  Smith  made  no  attempt  to  infer  transmissions 
totally  missing  or  to  fill  in  the  content  of  missing  parts  of 
transmissions  which  were  only  partially  received. 

The  co— mini  cat  ions  extracted  for  this  abbreviated  log  are  limited 
to  comments  concerning  thermal  comfort. 

Abbreviation  Code  Originator 
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*J 

lw 
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AR 

3 
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CAPT.  Anthony  F.  Kush,  HC,CSS,  BoMed  I 

CAPT.  Victor  G.  Benson,  1C,  CSX,  AMAL,  " 

Jchssville,  Pa. 

CDR  Benjamia  S.  Levitt,  OS X,  CBt  > 

LCCR  Victor  A.  Prather,  MC  CSX.  ttflU-RAM 
Bethesda,  Md. 

OK  Malcolm  D.  Ross,  USNZ.  nn  ■ 

CDR  John  tf.  Sparkman,  CSV,  CS2,  Minneapolis,  Miami 
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Tice  Altit-cde 

Ap-irox.  apptcx.  Cririnatcr  Co=xs.-p  lea  tics 


0655  0.0  S  Bov  *rt  yog  doing,  Mai?  (Cabled)  * 

getting  warm? 

I  Ye* 

P  Varner  than  hell. 


(Official  time  of  launch) 


19,000 


24,000 


35,000 


68,000 


74,000 


76,000 


(Garbled)  Ton  might  be  interested  la, 
as  a  carter  of  fact  we  baee  really 
cooled  down.  Over. 

It  happened,  huh? 

Affirmative 

Yes,  bow  do  you  feel?  Gordon  would 
like  to  knew. 

I  feel  great.  Victor,  come  la. 

Okay 

How  »r*  you  feeling? 

Feeling  fine.  Bow  are  you  feeling, 

Victor? 

I'm  beginning  to  get  comfortable. 

Mai ,  Mai,  this  is  Gordie.  What  la  the 
position  of  your  bl inis  now? 

Black  sice  out.  Over 
Is  it  getting  pretty  cold? 

Say  again. 

Is  it  getting  pretty  cold? 

Veil,  we’re  not  whistling  Dixie 

This  1*  33.  Rave  ycc.  had  to  use  any 
heat  as  yet? 

Have  we  used  any  heat  a*  yet? 

That  is  correct. 

(Garbled)  gloves  and  sock  heat  as  yet.  Ho. 

35,  this  is  30.  Bov  do  you  boys  (garbled) 
do  you  fellows  feel lug  physically?  Are  you 
getting  severely  cold? 

Negative.  We  feel  relatively  fine.  How 
do  you  feel  Victor? 

Excellent.  I  feel  real  good  no*. 

35  this  is  30.  Are  the  pxitioa  of  the 
blinds  still  the  same? 

That's  affirmative.  Position  of  the 
blinds  -  black  side  out.  Doing  well.  i 

All  blinds  fully  closed,  right?  < 

That’s  affirmative  again. 
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38  thla  la  30.  Standby  Cor  nodical 
aonitoring  figuraa.  On  Victor  Prather; 
ractal  teaperature  100.2;  raaplratloo  36; 
pulaa  100;  faca  plata  taaparatura  125; 
band  taaparatura  80;  inner  thigh  teaperature 
82;  chaak  taaparatura  95;  foot  taaparatura 
78. 

38,  ehia  la  30.  Did  ytu  racalva  ay  laett 
Cot  aoat  of  thaa,  Gordie,  but  you  cut  out 
avary  now  and  thaa.  Uadarataad  that  re- 
port  waa  on  ayaalf. 

That  la  corract.  Raport  on  Roaa  follows ; 
pulaa  93;  raapiratloa  24  -  corractloa  - 
raaplratloo  27;  ractal  taaparatura  99.4; 
thigh  taaparatura  91.6;  hand  taaparatura 
72;  foot  taaparatura  81. 

38  thla  la  30.  Bow  la  tha  ganaral  coafort 
altuatlon  la  tha  gondola  at  tha  praaaat 
tlaat 

Zt'a  vary  floa.  What  do  you  expeotf  It's 
wondarful.  Ovar. 

Do  you  faal  aa  though  you'ra  warning  up 
any.  Malt 

Yaa,  Z  would  aay  Ic'a  warning  up.  Yea,  Z 
think  ao.  How  aUn.t  you  Victor!  Do  you 
(cut  out) 

Z  would  tand  to  agraa.  Hr  right  hand  la 
In  tha  auff.  Hy  laft  hand  haa  navar  bean 
In  tha  miff.  Zt  haa  baaa  out* Ida  and  It 
la  a  Uttla  bit  aora  c  oaf  or  tab  la.  Ip  faat 
arc  vary  vary  coafortabla  with  juat  a 
little  bit  of  too  coldnaaa  but  Z  auapact 
wa'ra  going  to  a  tart  to  warn  up  barn  In  a 
llttla  whlla. 

(Garblad)  la  opaa.  Z  hava  ny  plctura 
window  (garblad)  and  Victor  atlll  haa  hla 
cloaad.  Tha  raat  of  tha  gondola  la  cloaad 
up  with  tha  black  aide  out. 

38  thla  la  30.  Do  you  naan  you  hava  your 
front  blind  pwllad  up,  or  do  you  have  one 
of  the  other  blind#  opaat 
Sparky,  Z  naan  I  have  ny  plctura  window 
wide  opaa.  Z'va  got  tha  bllnda  clear  up 
to  tha  top  and  Z  aa  juat  alttlng  hare  look¬ 
ing  at  tha  world. 

38  froa  30.  Hal,  hava  you  changed  the 
bllnda  around  any  alnce  you've  been  up  now. 
We'll  h»ve  to  give  you  a  new  report  becau'" 
Victor  juat  changed  the  direction  C  the 
blind. 
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Okay.  The  only  thing  ve 1  vt  -  the  only 
thing  we've  dona  with  tha  blinds  is 
Victor  has  turnad  his  front  blinds  opan 
so  wa  can  saa  out.  Ha  has  not  raissd 
than  but  ha  has  then  opan  and  Bins  is 
Just  raisad.  Completely  opan.  Ovar. 

38  this  is  30.  Vic,  do  your  hands  or 
fast  fasl  cold  at  this  tlas? 

That's  negative.  Brrr!  Everything  is 
vary  comfortable,  Gordie.  Ovar  to  you 
Vic. 

I  waar  ay  mitf  a  Httle  bit  but  X  don't 
notice  it.  Hall  no. 

altitude 

30  this  is  38.  Tha  medical  monitors 
wanted  me  to  gat  tha  word  about  10  or  13 
minutes  ago  I  was  pretty  warm.  Bean  moving 
a  little  bit,  and  started  perspiring  but  put 
tha  alumin>ta  sida  of  tha  blinds  out  Just  on 
my  side  of  tha  gondola.  Tha  starboard 
overhead,  starboard  forward  and  starboard 
aft,  and -I  think  it's  helped  because  I  am 
quits  a  bit  cooler  now. 

Vary  good  Vic.  Vary  Cood.  (Garbled). 

How  do  you  foal  haatwlsaT 
tou'r  cutting  out. 

Wa  would  like  to  know  how  Mai  faala  haatwlsaT 
Ovar. 

I'm  fine.  I'm  vary  comfortable.  Everything 
is  Just  fine.  Ovar. 

38,  30  This  is  Tony.  How  are  you  hays 
feellngT 

I'm  foaling  fins.  Victor,  how  about  youT 
Likewise,  Tony. 

What  are  the  positions  of  your  blinds  mow, 
Pleasef 

My  blind  is  half  -  tha  whole  front  blind  Is 
half  haloed  half  raised  so  I  am  still  getting 
a  good  view  of  things.  Tha  rest  of  tha  blinds 
are  turnad  -  wall,  Victor's  are  turned  silver 
sl^a  out  and  mins  are  turned. black  sida  out. 

38  this  Is  30.  Vic  do  you  have  your  front 
blind  raisad  at  allT 

Why,  it's  up  about  maybe  a  fifth  of  the  way. 

I  had  a  Helluva  lot  of  trouble  winding  it  up. 

X  don't  knew  whether  tha  pulley  is  binding 
or  what.  So  I  didn't  want  to  raise  it  all  of 
tha  way  up  and  not  ha  able  to  gat  It  back  down. 
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1020  110,000  B  38  this  Is  30.  Thi»  l*  Gordie.  Can 

you  boys  tell  me  something  about  the 
■obillty  of  the  suite  at  high  altitude? 

P  Gordie,  thia  la  Vic.  I  a*  a  till  unhappy. 

I  don't  think  I  can  Move  aa  well  ae  I  did 
up  there  at  ACEL.  I  atlll  think  it  is 
that  outer  garment.  It  is  Okay,  though. 
The  outer  garment  seeas  to  be  the  right 
answer  up  here.  0c  the  way  though  we 
weren't  cold  at  all.  The  only  thing 
that  bothered  me  waa  ey  right  elbow  that 
is  in  contact  with  the  gondola  and  that 
isn't  covered  -  (Garbled).  How  about  you 
Kal? 

I  Roger  (Garbled)  a  hundred  percent.  The 

actual  nobility  aa  Vic  says  -  (Garbled) 
Philadelphia  and  it  is  restricted  wish 
this  outer  garment  but  it's  sura  nice  to 
have.  We're  not  dancing  any  jigs  uK  hare, 
but  we're  getting  along  fine.  Thanks. 

1130  108,300 

1201  103,300 

1300  88,100 

1330  77,500 

1400  67,000 

1430  58,000 

1300  40,000  ■  Mai,  how  are  you  doing  temperature  wlset 

Axe  you  pretty  cold  up  there  now? 

R  It's  a  little  on  the  chilly  side,  Gordie. 

1560  16,400 

1606  Gondola  contacted  water,  envelope  released;  Official  Landing 

Tine  1602  CST 


DISCUSSION 

Several  days  after  the  flight ,CDR  Ross  was  interviewed  to  obtain  his 
subjective  comments  concerning  the  theraal  comfort  aspects  of  the  flight. 
His  first  consssnt  was  to  tha  affect  that  at  no  tine  after  reaching 
20,000  feet  did  he  eaperlence  any  extreme  heat  or  cold.  He  reported 


chat  hit  personal  comfort  was  such  chat  ha  was  able  to  perform  all  of 
Che  flight  tasks  without  difficult/,  and  ha  waa  au'ficieatly  com- 
fortable  that  during  the  flight  ha  gave  vary  little  thought  to  this 
particular  conaldaratlon.  He  further  stated  chat,  baaed  upon  hia  past 
experience  with  numerous  flights  that  even  though  performance  of  many 
important  casks  tends  to  eliminate  thoughts  of  personal  coarfort ,  whan 
heat  or  cold  stress  does  occur  he  has  been  well  aware  of  it.  Therefore, 
he  felt  that  his  subjective  reactions  were  reasonably  accurate. 

Both  balloonists  noted  that  their  arms  which  were  on  the  outboard 
side  of  the  gondola  became  noticeably  cold.  Although  the  lower  portion 
of  the  iiuuleting  sleeve  had  been  removed  from  both  arms,  only  the  arm 
on  the  outboard  side  became  unusually  cold.  At  approximately  90,000 
feet  CDR  Ross  raised  his  front  blind  in  order  to  provide  a  better 
view.  After  the  blind  had  been  raised  for  soma  ttem  (the  exact  elms 
waa  unknown)  ha  noted  that  the  bottoms  of  his  feet,  which  were  propped 
up  with  the  soles  pointing  toward  the  horlson,  were  getting  very 
noticeably  cold.  The  feet  were  closer  to  the  open  area  than  was  spy 
other  portion  of  the  body.  Later  whan  the  blind  was  closed,  the  cold 
sensation  in  the  feet  gradually  diminished. 

The  silicone  rubber  coated  nylon  fabric  reswined  reasonably  soft 
and  flexible  throughout  the  flight.  This  was  a  decided  Improve  meet 
over  the  stiffening  of  the  neoprene  coated  nylon  previously  utilised. 

An  e  cent nation  of  tha  skin  surface  eeaperacuras  recorded  during 
the  flight  reveels  that  et  no  time  did  either  CM  lose  or  LCM  Prather 
suffer  from  thermal  stress.  At  one  point  during  the  flight  CM  Rosa 
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turned  on  hie  heated  gloves  to  determine  that  they  vara  working  proparly. 
After  a  momentary  check,  tha  glove  heat  was  turned  off,  and  for  all 
practical  purposes  ha  completed  tha  nissloa  profile  without  the  use  of 
external  heat.  Ha  did  report,  however,  that  tha  ends  of  his  fingers 
became  quite  chilly,  almost  borderline.  Three  weeks  after  tha  flight, 
the  index  finger  of  his  left  (outboard)  hand  started  losing  some  skin 
which  was  probably  indicative  of  ainor  frostbite.  His  foot  skin  temper- 
ature  showed  a  steady  drop  throughout  tha  flight,  and  if  it  can  bo 
assumed  that  tha  tcleastry  was  rscording  accurately,  CDt  Hess  waa 
apparently  losing  hsat  slowly  and  steadily  at  a  rata  which  was  sub¬ 
jectively  perceptible  but  not  unduly  uncoeLf or table. 

According  to  tha  data  received  on  LCDS  Prather,  all  taeperatures, 
skin  and  rectal,  indicated  that  he  was  comfortable  during  tha  entire 
flight.  LCD*  Prather  dropped  his  muff  to  the  floor  of  tha  gondola  and 
was  unable  to  retrieve  it.  Therefore,  ha  found  it  necessary  to  energise 
the  electrically  heated  gloves  to  nalntain  hand  comfort .  He  did  uaa 
both  the  heated  gl  >vee  and  socks  during  a  substantial  portion  of  the 
flight.  Since  ha  did  require  heating  of  the  extremities  it  would 
appear  that  he  too  waa  losing  heat  at  a  slow  rate.  This  would  appear 
true  particularly  since  he  used  the  heated  socks. 

Subsequent  to  the  flight,  it  was  learned  that  loger  Aagard  of  the 
University  it  Minnesota  had  performed  work  on  infrared  radiation 
divergence  In  the  atnosphere  (IS).  Aagarda  work  included  radiosmtar 
meesureeents  of  the  sky  from  altitudes  up  to  approxlnete ly  83,000  feet. 
»M»  data  indicated  that  black  body  sky  temperatures  nay  reach  •180°C  o c 


lower  at  cheae  high  altitude*.  Prom  thic  work  it  waa  apparent 
that  the  value  of  -100°C  uaad  in  this  paper  ia  too  high  and  that 
the  heat  loas  to  the  aky  would  b*  greater  than  the  calculated  value 
•hewn  herein. 

Upon  introduction  of  tha  attenuating  blind*  on  tha  flight  vehicle 
it  waa  anticipated  that  once  the  balloonists  were  above  the  cold  aone 
(40,000  to  60,000  feet)  they  would  find  it  neceaaary  to  turn  the 
attenuator*  to  the  alumimu*  aid*  out  in  order  to  prevent  overheating. 

Since  thla  condition  waa  not  reached  during  the  actual  flight,  except 
for  a  relatively  brief  period  when  LCDR  Prather  had  hie  aluninuw  aide 
out,  it  became  apparent  that  the  heat  loaa  waa  greater  than  calculated. 

The  fact  that  tha  black  body  aky  teaperature  waa  eonaldarablv  lower 
than  anticipated  would  account  for  thla  increased  loaa  of  heat. 

CONCLUSIONS  AND  MCOMONDATIOKS 

Tha  aubjectlve  coaeaanta  fumiaaad  by  CDt  koaa,  together  with  the 
akin  aurface  taaparaturaa  taken  during  the  flight.  Indicate  that  there 
waa  a  alow  but  ateady  body  heat  loaa  during  thla  fllggt.  It  would 
therefore  appear  that  the  precautlona  which  included  the  lnatallatloa 
of  attenuating  louver* ,  wearing  of  an  lnaulating  overgarment,  and 
utilization  of  electrically  heated  glove*  and  aockd  were  neceaaary  to 
the  aucceaaful  completion  of  the  'light. 

Baaed  on  lladted  physiological  data  aad  aubjectlve  lnforameion 
obtained  from  CDt  toaa,  It  eppeara  that  tha  raflactlva  insulation  ayatan 
devised  and  uaad  in  tha  ovargarmenta  deaignad  for  uaa  by  the  belloonlata 
(mu  timed  adequately.  The  clothing  provided  the  added  thermal  tnaulatli'i 


required  by  rhe  balloonists  at  cb«  axcrana  low  ttnperaruraa  ex¬ 
perienced  without  adding  axcaislva  Might  or  further  restricting 
their  mobility. 

Because  of  the  enoraoualy  complicated  nature  of  the  inter¬ 
change  of  energy  between  the  flight  vehicle  and  the  theraal  environ¬ 
ment,  and  between  the  balloonists  and  the  flight  vehicle  after  the 
attenuators  were  installed,  no  attempt  waa  Bade  to  calculate  the 
effect  of  Introducing  tho  attenuators.  It  appears,  however,  that 
these  attenuators  played  a  aajcr  part  In  establishing  a  thermally 
habitable  environaent. 

If  flights  li|i  ^n  open  flight  vehicle  to  altitudes  of  100,000  to 
130, COO  are  to  be  *eada  in  the  future,  additional  dace  concerning  the 
thermal  environaent  would  be  useful.  Of  particular  value  would  be  the 
establishment  of  radiant  sky  teaperature  measurements  taken  from  these 
altitudes,  at  various  latitudes,  times  of  the  year,  and  day  and  night. 

Results  indicate  chat  personnel  participating  in  future  flights 
uf  this  type,  and  looking  further  to  manned  space  exploration,  will 
have  to  be  provided  with  additional  insulation  to  supplement  the 
present  full  pressure  type  ev't.  The  use  of  the  insulation  ays  tea 
developed  for  this  flight  and  means  for  auxiliary  heating  should 
therefore  be  considered  and  explored. 

The  metallised  insulation  assembly  utilised  in  this  flight 
successfully  provided  a  low  weight,  high  Insulation  garment.  Addi¬ 
tional  Investigation  Into  the  feasibility  of  utilising  such  e  systsn 
in  other  specialised  or  general  purpose  clothing  would  be  useful. 
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